nowadays common in the eastern Mediterranean, and it was recently recorded in the western Mediterranean; very little information is available about the algal flora associated with this species. During a survey of a Hulophilu stipuluceu stand at Vulcano Island (Eolian Islands, western Mediterranean), samples were collected at three depths (5 m,15 m and 25 m) for identification of algal epiphytes. Thirty-six species of macroalgae were found. The epiflora of the leaves consisted of 20 species, the others being mixed with or entangled in the rhizomes. On the leaves,'Cerumium tenerrimum, Dusyu corymbiferu, Polysiphoniu cfr. tenerrimu, Spyridiu filumentosu, Chondriu pygmueu and Laurenciu sp. were the most common species; between the rhizomes, Dictyotu Eineuris was abundant. A differentiation of the epiphytic assemblage between 5 m and the other depths was observed; the 5 m samples were characterized by the abundance of Cerumium tenerrimum, Chondriupygmueu and Polysiphoniu cfr. tenerrimu, while at 15 m and 25 m Luurenciu sp., Dusyu corymbiferu and SpyridiaJilumentosu were the most common species. Epiphytic cover was generally very low. No rare species were found among the epiphytes. In comparison with other Mediterranean seagrasses, HuZophiZu stipuluceu has a qualitatively and quantitatively poor epiphytic flora. In particular, the virtual absence of encrusting corallines is noteworthy. A fast turnover rate of the leaves is hypothesized to be the main reason for this scarcity. Differences between this and other studies on epiphytes of Hulophilu stipuluceu stands are discussed. 
The seagrass Halophila stipulacea (Forssksl) Ascherson, originally described from the Red Sea [ 131, is distributed along the Asiatic and African shores of the western Indian Ocean, occurring from the northern Red Sea to Madagascar [20] . After the opening of the Suez Canal, this species migrated into the Mediterranean, where it was first recorded by Fritsch Less attention has been paid to the epiphytic macroalgal flora associated with Halophila stipulacea and its congeners. The ecological importance of epiphytes in seagrass ecosystems has been stressed several times (see [9] for a review). In fact, it is generally recognised that the epiphytic algae are important contributors to the overall productivity of seagrass communities, being responsible for a significant part of the primary production [26, 37] . At the same time, by reducing light and CO, uptake, they may decrease the photosynthetic rate (and consequently the production) of their hosts [45] . Since many epiphytic algae are a food source for fish, sea urchins and other grazers, they also represent important nodes in trophic webs: in fact, several animals that graze on seagrasses get nutrition from epiphytes rather than seagrass tissues [9] . Furthermore, species of epiphytic algae with calcified cell walls (e.g. encrusting corallines) are a source of CaCO, for sediments [30] . For these reasons, such a scarcity of information on both the taxonomic composition and spatiotemporal dynamics of Halophila stipulacea epiphytes is striking. In particular, for the Mediterranean only a few papers report short lists of epiphytic macroalgae [5, 281. The Vulcan0 Island (Eolian Islands, Sicily) is the first locality in the western Mediterranean where a Halophila stipulacea stand has been found; the original record, [2] reported details on the extent and the bathymetric range of the bed. In a subsequent survey, collection of samples was carried out in order to get information on several aspects of the biology of this species. Data on plant phenology and associated macrozoobenthic communities were reported in a previous paper [3] ; in the present paper data on the composition and bathymetric distribution of the macroalgal assemblages associated with the bed are presented and analysed.
MATERIALS AND METHODS
The study site is located in the Levante Bay, along the northeastern shore of Vulcan0 Island (figure I), where the Halophila stipulacea bed covers about two hectares of sandy substratum ranging from 3 to 27 m depth. Its upper limit is irregular, repeatedly interrupted by sandy areas devoid of vegetation. From the upper limit to lo-15 m depth, Halophila stipulacea is mixed with the seagrass Cymodocea nodosa (Ucria) Ascherson and some algal species, of which Caulerpa prolifera (Fosskti) Lamouroux is the most abundant. At greater depths the Halophila stand is almost monospecific and covers the bottom uniformly until the lower limit is reached [2] .
In July 1995 samples of Halophila stipulacea were collected by removing all plants from randomly chosen quadrats (0.1 m2 in area) at three depths (5 m, 15 m and 25 m; the depths were chosen as representative of the upper limit, an intermediate depth and the lower limit); for each depth three replicates were taken. The samples were stored in 4 % formalin in seawater and examined in the laboratory, where the macroalgal species were determined, and their reproductive condition assessed. Specimens of the most common epiphytic macroalgae were preserved as permanent slides (mounted in 80 % corn syrup) and deposited in the personal herbarium Fabio Rindi (Dipartimento di Science dell'Uomo e dellilmbiente, Universitd di Pisa).
For epiphytes of leaves, cover (in mm2) was calculated by recording the area covered by the plants of each species as vertical projection on the surface of the leaves; then it was expressed as percentage of the total leaf surface in each sample. Percentage covers were ranked following a semi-quantitative scale (1 = up to 0.02 %; 2 = from 0.02 to 0.04 %; 3 = from 0.04 to 0.06 %; 4 = from 0.06 to 0.08 %) and reported in a species-sample matrix. In order to detect differences between the epiphytic flora at different depths, non-metric Multi-Dimensional Scaling (nMDS) was performed on a Bray-Curtis similarity matrix. Stress value was used as an index of accuracy in the representation of the similarity matrix on a twodimensional ordination model; a stress value < 0.1 is generally regarded as an indication of a good representation [lo] . The procedure was run using the PRIMER 4.0 program [lo] .
RESULTS
On the whole, 36 species of macroalgae (five Chlorophyta, five Heterokontophyta and 26 Rhodophyta) were found associated with Halophila stipulacea. Among them the most common were Dictyota Zinearis (C. Agardh) Greville, Ceramium tenerrimum (Martens) Okamura, Chondria pygmaea Garbary et Vandermeulen, Dasya corymbifera J. Agardh and Laurencia sp., which were found in all samples; Wrangelia penicillata C. Agardh occurred in eight samples (table I).
The epiflora of the leaves was formed by 20 species, six of which occurred exclusively on that part of the plant. Red algae were the most represented group; filamentous (Ceramium tenerrimum, Dasya corymbifera, Polysiphonia cfr. tenerrima Kiitzing, Spyridia jilamentosa (Wulfen) Harvey, Wrangelia penicillata) and coarsely branched species (Chondria pygmaea, Laurencia sp.) were common, while encrusting forms were virtually absent. All these species were usually represented by small juvenile plants, no more than a few millimeters tall; in some cases this made their identification difficult. No zonation of epiphytes was evident on the leaves and their total percentage cover was very low in all samples, reaching a maximum value of 0.23 % in a sample collected at 5 m. Only Ceramium tenerrimum, Chondria pygmaea, Dasya corymbifera, Polysiphonia cfr. tenerrima and Spyridia filamentosa showed a cover > 1 cm2 in at least one sample; the highest percentage cover recorded for a single species was 0.08 % (for Chondria pygmaea, in a 
A, B and C indicate the thme samples collected at each depth. L = epiphytic on leaves; S = epiphytic on scales; R = occuring on rhizomes.
5 m sample). Despite the quantitative scarcity of the epiphytic flora, bathymetric variation was observed. This was clearly shown by the MDS ordination, which separated the samples into two groups along the horizontal axis ( figure 2 ). In the first group, situated on the left hand side of the plot and formed by the samples collected at 5 m, Ceramium tenerrimum, Chondria pygmaea and Pokysipbnia cfr. tenerrima were quantitatively dominant species. In the second group, situated on the right hand side of the plot and including the 15 m and 25 m samples, Dasya corymbifera, Laurencia sp. and Spyridia fitamentosa were the most abundant species (table II) .
No macroalgae epipbytized the rhizomes, but 21 species were found mixed with or entangled in the rhizomes. were also observed on leaves and/or scales. Among them, Sphacelaria cirrusa (Roth) C. Agardh were also observed the brown alga Dictyotu linear-is was the most abundant; in many samples. In many cases these species were repreAntithumnion cnwiatum (C. Agardh) Ngigeli, Cludophoru sented by drift specimens; in others they were epiphytes coelathrix K&zing, Polysiphonia scopulorum Harvey and on detached leaves, as in the case of the encrusting coral- [28] . Because of the constant occurrence of this species on leaves of Halophila stipulacea, the previous authors regarded Chondria pygmaea as possibly introduced in the Mediterranean together with its host. Recently specimens of Chondria pygmaea were found as epiphytes on other algae in the Maltese Islands, showing that its presence is not strictly linked to seagrasses [ 121. This species can be easily overlooked because of its diminutive size and future surveys might show a much wider distribution than that currently reported. Moreover, we think that in some floristic reports Chondria pygmaea could have been confused with Chondria mairei G. Feldmann. another diminutive species widely distributed in the Mediterranean.
Our observations highlight some characteristics of the epiphytic community of the Halophila stipulacea bed of Vulcan0 Island. In particular, the low number of epiphytic species (20) is striking. It should be considered that in the present survey it was not possible to repeat sampling in the time available; consequently this study cannot elucidate the seasonal dynamics of the epiphytic community. It must also be mentioned that in a previous survey of the same stand [2] at least three species that were not recorded in the present study were found as leaf epiphytes: the green algae Entocladia viridis Reinke and Ulvella lens P.L. et H.M. Crouan, and the red Pneophyllum fragile Kiitzing. Probably the epiphytic assemblage undergoes seasonal changes of composition and the number of leaf epiphytes that we recorded underestimates the number of taxa which can actually colonize the leaves during a whole annual cycle. This seems to be confirmed by the comparison with data on other Mediterranean stands of Halophila stipulacea.
For a bed off eastern Sicily, 30 taxa were recorded [5] ; in that case samples were collected in winter months, and some differences between the epiphytic flora described in that study and the one of the Vulcan0 stand are evident. In that case prostrate red and green algae (that were virtually absent at Vulcano) were recorded [5] ; furthermore, the erect forms were mainly represented by ectocarpoid brown algae (while in Vulcano they were red algae). Our epiphytic assemblage is apparently more similar to the one reported for Albanian shores [28] , although in that case the encrusting coralline Hydrolithon farinosum was a common species as well. It is noticeable that the only species commonly found in all three studies is Chondria pygmaea.
The scarcity of the epiphytic flora of Halophila stipulatea is particularly remarkable if compared with the same kind of assemblage colonizing the leaves of the endemic Mediterranean seagrass Posidonia oceanica. Even in this case it is not easy to generalise, because often studies on Posidonia oceanica were performed at different depths, in different periods and with different methods; this is clearly reflected by the strong variation of the number of epiphytic species in different studies. Anyway, for beds of this last species a generally higher number of epiphytes than for Halophila stipulacea is reported: up to 90 [46] , 81 [7] . Factors determining such a clear difference are probably numerous and it is not possible to elucidate them on the basis of our observations alone. Besides variations of physicochemical parameters related to depth, two characteristics of the Vulcan0 stand should be pointed out: i) the different composition of the stand at 5 m in comparison with the one at greater depths; ii) the proximity of the upper limit of the stand to hydrothermal springs. In the shallow parts (from the upper limit to 10-15 m depth) Halophila stipulacea is mixed with other seagrasses and some macroscopic algae, while at increasing depths the stand is virtually monospecific [2] . Hydrothermal springs are present in the shallow sublittoral of some parts of Levante Bay [17] and the upper part of the Halophila stand is intermixed with some springs. Previous observations suggest that hydrothermal activity may be a factor influencing the small-scale distribution of algal species in those areas. Sites located in the proximity of hydrothermal springs (a few meters) are occupied by a relatively poor vegetation, characterized by a low number of species; conversely, sites located at greater distance from the springs (about 200 m) host a higher number of species [ 11. This seems to indicate that the presence of the springs negatively infuences at least some species, possibly due to rising temperature or alteration of the chemical composition of seawater (further studies are necessary to elucidate exactly the type and extent of influence). Thus, the possibility that these factors can also affect the epiphytic vegetation of Halophila stipulacea should not be dismissed.
The very low epiphytic cover observed on the leaves of the Vulcan0 stand is an even more striking peculiarity: no epiphytic species exhibited a total percent cover > 1 % in any sample. In particular the absence, or very reduced cover, of encrusting corallines is noteworthy. Encrusting coralline algae are amongst the most ubiquitous of seagrass epiphytes; they are pioneer colonisers with rapid development to sexual maturity and have a low profile which reduces the likelihood of detachment from their host [9] . Several factors can affect the epiphytic load of seagrasses: turnover rate of leaves, which depends on leaf morphology of the species, but also on habitat, and varies seasonally with changes in growth rate [29, 40, 411 , reproduction and turnover rate of epiphytes [19] and grazing on the epiphytic biomass [38, 391. In the study bed, no signs of grazing were evident on the leaves and on the epiphytes, and we think that the turnover rate (and consequently the life span of leaves) plays a major role.
The life span of the various portions of a seagrass affects epiphyte diversity and biomass. In general, if other conditions are equal, epiphytes have a better chance of establishing themselves on leaves with a longer life span [23] . So, a high leaf turnover rate ensures that epiphytic loads are kept low [25, 441 . Usually the older parts of leaves and the oldest leaves in any cluster, support the most mature and diverse epiphytic community [9] . So, the epiphytic flora of Halophilu species can be expected to be qualitatively and quantitatively poor, as was the case in this study. But this conclusion should be made with caution, as no studies on the life span of Halophilu stipuluceu leaves have been carried out in the Mediterranean Sea. It must also be mentioned that Wahbeh [49] , for plants of Halophila stipulaceu from the Red Sea, calculated a life span of 74 days, which is similar to values reported for other genera of seagrasses hosting a more abundant epiflora [9] .
